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ABSTRACT 
 
AIM:  
The aim of the study is to evaluate the rate of tooth movement by 
varying the frequency of micro osteo perforations and also to analyze 
any difference in the rate of tooth movement between maxilla and 
mandible at 28 t h ,  56 t h ,  84 t h  day in individual canine retraction cases.  
 
MATERIALS AND METHOD :  
After approval from institutional review board and clearance from 
ethical committee (IRB/EC Ref No:2016 -MDS-BR.V-SUD-11/APDCH) 
the study was initiated. Out patients  who reported to the department of 
orthodontics,  APDCH, after completing their informed consent form, a 
total of 20 patients having class I malocclusion, bimaxillary protrusion 
who satisfied the inclusion and exclusion criteria and required 
therapeutic extraction of both maxillary and mandibular 1 s t  premolars 
were included in the study.  
   
In total 80 samples were obtained 40 (20 control &  20 experimental) in 
maxilla and 40 (20 control & 20 experimental) in mandible  
respectively.  
Patients were randomly assigned to one of the study groups. The 
experimental sites received MOPs on either the right or left  side; the 
control group did not receive MOPs.  
 
All the permanent teeth were bonded with 0.022” MBT 
PRESCRIPTION with auxiliary vertical  slot canine brackets. After 
initial al igning and leveling, mid treatment records were taken . Final 
arch wire of 0.019*0.025 SS arch wire was placed in both the arches 
for one month and then the retraction phase started.  
 
Mini screws were used as  the source of  anchorage and the individual 
canine retraction was achieved using 9mm NiTi  closed coil spring 
connected from temporary anchorage device to the customized 
serpentine hook placed in the vertical slot of canine brackets to deliver 
a force of 100g to produce bodily  tooth movement which was checked 
periodically using dontrix gauge.  
 
Five MOPs were performed using custom made propulser  (implant 
driver and mini screws, 3mm depth and 1.5mm width). In that, 2 MOPs 
were placed just distal to canine and 3 MOPs at the center of the 
extraction socket.     
 
The distance between the canine and lateral incisor was assessed before 
and after canine retraction at 3 points namely i ncisal, middle, and 
cervical third of the crown from palatal aspect on the cast and 
rechecked to reduce intra and inter examiner error and th e results were 
analyzed statistically.   
 
RESULT: 
The results of the study showed  a statist ically significant difference in 
the rate of tooth movement between the  micro-osteo perforation  (MOP) 
and control side at a ll 3 interval of t ime period, the maxillary arch 
showed 3 fold increase and mandibular arch showed 2 fold increase.  
When comparing the  micro-osteo perforation (MOP) site alone in both 
the arches, maxillary canines were retracted faster and mandibular 
canine showed slight decrease in the rate of tooth movement.  
 
 CONCLUSION: 
 Micro-osteo perforation (MOP) is an effective, comfortable and safe 
procedure to accelerate tooth movement and significantly reduce the 
duration of orthodontic treatment time.  
 
KEY WORDS: 
Micro-osteo perforation (MOP), individual canine retraction, 
customized propulser and serpentine hook  
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INTRODUCTION  
 
The major concern of patients seeking fixed appliance 
orthodontic therapy was the prolonged  duration of  treatment.  In order 
to complete their treatment in shorter duration, patients  opted for 
alternative treatment modalities. Patient started  undergoing non ideal 
treatment procedures like veneers, composite restoration and fixed 
prosthesis, etc.  
 
So, it  became mandatory for orthodontist to provide an ideal  
treatment in a comparatively shorter duration without compensating the 
treatment results .  
 
The above scenario forced the orthodontists to speed up the tooth 
movement by using alternative and adjunctive procedures  which led to 
the introduction of Wilckodontics  by Wilcko brothers9 .  
 
Wilckodontics involved the surgical  intervention, where  vertical 
cuts are given in interradicular area,  after raising full  thickness 
mucoperiosteal flap by utilizing the rapid acceleratory phenomenon 
(RAP) which was initially termed as periodontally accelerated 
osteogenic orthodontic (PAOO) technique 9 .  This PAOO technique 
induced a localized inflammatory response, which encourages local  
recruitment and stimulation of osteoclasts and increased remodeling.  
 
Even though,  periodontally accelerated osteogenic orthodontic  
(PAOO) technique yielded favorable results,  it  turned out to be an 
invasive procedure with disadvantages like damages to the adjacent 
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vital structures, high morbidity,  postoperative pain, swelling, avascular 
necrosis and low patient acceptance.  These shortcomings pressurized 
the orthodontists to search for minimally invasive technique that would 
produce same amount of rapid acceleratory phenomenon (RAP )  7 .  
 
Later,  minimally invasive procedures like corticison, piezocison 
were introduced, which carried the risk of injuring the roots, since the  
incisions were blindly performed 3 3 ,  3 4 .  Non-invasive techniques like 
low-level laser therapy and vibration impulses were also tried with 
limited success3 4 .  
 
Pharmacological agents like vitamin-D, prostaglandin,  
interleukin,  parathyroid hormone, misoprostol.  etc. were tried but,  
undesirable side effects like root  resorption, increase in the level of 
LDH and CPK enzyme were resulted.  
 
Based on the well - known principle that orthodontic force 
triggers inflammatory pathways and osteoclast activity,  A likhani et 
al (2 ) ,  hypothesized that controlled micro -trauma in the form of Micro –
Osteo Perforations (MOPs) will  amplify the expression of 
inflammatory markers that  are normally expressed durin g orthodontic 
treatment and  this  response will  accelerate both bone resorption and 
tooth movement.  
 
Alikhani et al (1 ) ,  tested their hypothesis in an animal model and 
in a human clinical  trial .  In adult  rats,  MOP treatment significantly 
increased molar protraction with concomitant increase in inflammatory 
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cytokine expression, os teoclastogenesis,  and alveolar bone 
remodelling.  
 
Likewise, in human subjects,  Micro-Osteo Perforations (MOPs) 
increased the rate of canine retraction concomitant with increased 
TNF-alpha and IL-1 beta levels in the gingival crevicular fluid.  
Moreover,  Micro –Osteo Perforations  (MOPs) treatment did not 
produce additional pain or discomfort  in the patient tested. (1 )  The data 
from the above study concluded that MOPs offered a safe, minimally 
invasive, and easy mechanism to accelerate the orthodontic tooth 
movement.  Micro-Osteo Perforation (MOP)  1 3  is one of the least 
invasive surgical techniques described for use in conjunction with 
orthodontic treatment.  It  involves the production of multiple 
transmucosal perforations within alveolar bone, si ted in close 
proximity to the region of desired tooth mo vement and in specific 
configurations, depending on the tooth movement required.  
 
To date,  the evidence base for  Micro –Osteo Perforations (MOP) 
is small and contradictory, with some early data derived from animal 
models and a single clinical  trial in humans that  demonstrated 
significant increases in the rate of orthodontic tooth movement in 
conjunction with this technique. However, more recent evidence was 
less encouraging, suggesting that  rates of tooth movement were not 
altered in the presence of MOP. 
 
Additionally,  there is  no current evidence regarding the 
efficiency of this technique over the whole period of orthodontic 
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treatment. A better understanding of the clinical effectiveness of MOP 
is therefore desirable in orthodontics.   
 
Based on the above findings, this in -vivo clinical trial was 
designed to evaluate the increase in the rate of tooth movement by 
increasing the number of Micro –Osteo Perforations (MOPs) from 3 to  
5 by placing 2 Micro –Osteo Perforations (MOPs) just distal to the 
tooth to be moved and 3 at  the center of the extraction site.  
 
This study also aimed to check, if there is any increase in the 
rate of orthodontic tooth movement on subsequent placement of the 
MOPs at  regular intervals like 28 t h ,  56 t h  day and any possible 
difference in the rate of tooth movement in between maxilla and 
mandible is evident.  
 
The current study investigated MOP using mini -implant  
supported canine retraction with fixed appliances. This split -  mouth 
randomized trial focused on canine retraction within the maxilla and 
mandible following the extraction of first premolar teeth, and the 
effects of multiple MOP carried out at  specific time points during  28 t h ,  
56 t h ,  84 t h  days  of observation.  
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AIM AND OBJECTIVES  
 
Aim: 
This study aims in estimating the rate of tooth movement by 
mini-implant assisted canine retraction through  Micro osteo perforation 
(MOP),  by increasing the frequency of Micro osteo perforation (MOP) 
at an interval of 28 t h  & 56 t h  day.  
 
Objective:  
1.  To evaluate the changes in the speed of too th movement by 
repeating the Micro osteo perforations (MOP)  in regular interval .  
2.  To evaluate the overall  rate of tooth movement between the 
Micro osteo perforation (MOP)   and control side.  
3.  To check any differences in the rate of MOP assisted tooth  
movement between maxilla and mandible.  
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REVIEW OF LITERATURE 
 
Heinrich kole et al  1960 3 .  In their study, they have explained about 
the advantages of the corticotomy. They did only the osteotomy of the 
cortical layer, leaving the spongiosa intact, which prevented the  injury 
of the periodontium and pocket formation.It also prevented the 
devitalizing of a single tooth or of a group of teeth.  The nutritive 
function of the bone to be displaced is mai ntained through the 
spongiosa which was left intact, even though the bone was exposed.  
They also said that  Osteotomy of the cortical  layer and subs equent 
healing should prevent relapse .  
 
Nyman et al 1983 4  the study done by him was carried out on six dogs,  
three of which were used as experimental animals and three as 
controls. Orthodontic appliances were fi tted to the experimental dogs 
and during a period of five months the maxillary incisors on the right 
side were moved labially,  resulting in loss of alveolar bone at  
approximately the mid-root level. During a further period of five 
months these teeth were moved back to their original position while the 
corresponding incisors on the left side were simultaneou sly moved to a 
position corresponding to that  previously reached by the incisors on the 
right side. The teeth were then retained in this position for five months 
after which the animals were sacrificed. During the entire course of the 
study the animals were subject to meticulous plaque control. The study 
showed that  dehiscence or fenestrations can be produced in the buccal 
alveolar plate by moving teeth in a facial direction and that  the bone 
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will reform when the teeth are moved back to their original  posit ions.  
It  was also demonstrated that such tooth movements are not necessarily 
accompanied by loss of connective tissue attachment.  
 
Bridges et al 1988 5 .  A comparison of tooth movement cycles and 
changes in alveolar tissue mineral densit ies was made between  young 
(21 to 28 days old) and adult (90 to 100 days old) rats. An initial 60 -g 
mesial tipping force was applied to the maxillary first molars; tooth 
movement was estimated by measuring the opening between first  and 
second molars, and tissue mineral densit y by sample ash weight per 
cubic centimeter. A characteristic three -part tooth movement cycle was 
found in both groups of rats. This cycle consists of an early 
"instantaneous" movement that is a function of the viscoelastic 
properties of the tissues, a delay period during which l i ttle tooth 
movement occurs due to hyalinization and undermining resorption, and 
a late period during which bone remodelling and tooth movement 
occur. Compared with the adult group, the amount of "instantaneous" 
movement in the young rats was greater (P < 0.001),  the delay period 
was shorter, and the rate of late tooth movement was faster (P < 
0.001). The young rats had signifi cantly lower (P < 0.05) mineral  
densities before orthodontic treatment.  The young rats reached this 
point by day 5 and the adults by day 7.  The point of lowest mineral  
density occurred in the treated alveolar tissues toward the end of the 
delay period for each group and was followed by a return to control 
values at rates that were not significantly different between the groups. 
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The data indicate that a greater amount and rate of tooth movement 
occur in younger animals by alterations in all three phases of t he tooth 
movement cycle and that , with the exception of the late movement 
phase, these differences are reflected by reductions in tissue mineral 
densities.  
 
H. M. Frost et al  19886 .  They described about the bone healing 
process which unites fractures & ost eotomies. The process normally 
precedes in successive stages namely the fracture, granulation, and 
modelling/ remodelling stages. A separate regional acceleratory 
phenomenon speeds up each of the other stages. They are made by local  
multicellular mediator mechanisms that contain precursor and 
supporting cells, capillaries,  lymph, and innervation, plus local  
autocrine and paracrine regulation. Under the influence of local and 
systemic agents, these mediator mechanisms determine whether new 
local osteoclasts and osteoblast will appear or not.  
 
Bemard Gantes et al 1990 6 .Their report describes the corticotomy 
surgical  technique used in conjunction with orthodontic therapy and its  
effect on the periodontal status of the involved teeth. The surgical  
procedure included intracrevicular incisions and elevation of buccal 
and lingual mucoperiosteal flaps.  Buccal and lingual vertical  grooves 
penetrating the cortical bone were then made between the roots. These 
grooves were extended from just below the interproximal alv eolar bone 
margin to beyond the apex levels of the teeth. Buccal and  lingual 
Review of Literature 
 
 Page 9 
 
horizontal grooves joined the apical extensions of the vertical grooves.  
The orthodontic appliance was activated immediately upon wound 
closure. Plaque scores, probing depths, and  probing attachment levels  
were recorded before the surgical procedure and after the completion 
of the orthodontic treatment in 5 patients. The results showed that the 
corticotomy procedure caused minimal changes in the periodontal  
attachment apparatus.  
 
Yaffe et al 19947  explained about the RAP (regional accelerated 
phenomenon) in Wister rats and correlated as a reason for healing,  
increased mobility following periodontal  surgery and bone dehiscence.  
 
Rudolf et al 19978  did a pilot study to compare the ra te of maxillary 
canine retraction into healed recent extraction si tes and concluded the 
study, that the canine on the recent extraction side moved faster than 
on the healed side, but also tipped  
 
Shingo et al 1997 8  studied the influence of age changes in the 
proliferative activity of PDL cells during experimental  tooth 
movements in rats. There was a marked difference in the proliferative 
activity between young adult  groups in tension and pressure areas 
during the early stage of the tooth movement. Thus i t was prove, that  
the proliferative activity of PDL cells has a substantial influence on 
tooth movement.   
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Wilcko et al  20019 .  They presented Two case reports to demonstrate a 
new orthodontic method that offers short treatment times and the 
abili ty to simultaneously reshape and increase the buccolingual 
thickness of the supporting alveolar bone. This new surgery technique 
included buccal and lingual full -thickness flaps, selective partial  
decortication of the cortical  plates,  concomitant bone 
graft ing/augmentation, and primary flap closure. Following the 
surgery, orthodontic adjustments were made approximately every 2 
weeks. From bracketing to debracketing, both cases were completed in 
approximately 6 months and 2 weeks.  Post treatment evaluation of both 
patients revealed good results. At approximately 15 months following 
surgery in one patient, a full - thickness flap was again reflected. 
Visual examination revealed good maintenance of the height of the 
alveolar crest  and an increased thickness in the buccal bon e. The rapid 
expansive tooth movements with no significant apical root resorption 
may be attributed to the osteoclastic or catabolic phase of the regional 
acceleratory phenomenon. Instead of bony “block” movement or 
resorption/apposition, the degree of demineralization/remineralization 
might be a more accurate explanation of what occurs in the alveolar 
bone during physiologic tooth movement in these patients.   
 
Haruyama et al 2002  1 0The purpose of this study was to investigate 
whether there is estrous -cycle-dependent variation in orthodontic tooth 
movement, and, if  so, to determine the mechanism. Ten-week-old 
female Wistar rats were used. They received repeated orthodontic force 
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during specific phases in the estrous cycle.  Tooth movement in animals 
that received force principally in estrus was about 33% greater than 
that in animals that  received such force principally in pro estrus (p < 
0.05). Serum estradiol levels also varied according to the estrou s cycle, 
with a peak during proestrus and a nadir during est rus, and were 
inversely related to tooth movement. Furthermore, these results suggest  
that cyclic changes in the estradiol level may be associated with the 
estrous-cycle-dependent variation in tooth movement through its  
effects on bone resorption.     
 
Kazero hayashi et al 2004  (1 2 )  his study was to compare the maxillary 
canine retraction with sliding mechanics and a retraction spring: a 
three –  dimensional analysis based on a midpalatal orthodontic 
implant. The result demonstrated that 30 analysis o f tooth movement 
based on a midpalatal orthodontic implant provided detailed 
information on canine retracting force of 1N or less was more effective 
spring. However, the sliding mechanics approach was superior to the 
retraction spring with regard to rotational  control.  
 
Haluk et al 20051 3  rapid canine retraction and orthodontic treatment 
with dentoalveolar distraction osteogenesis and arrived with conclusion 
that dentoalveolar  distraction technique is an innovative method that  
reduces overall orthodontic treatment time nearly 50%  with no 
unfavourable effects on surrounding structures.   
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Chung-hochen et al 20061 3  their hypothesis was to study the micro 
implants of 1.2 mm diamete r used in orthodontic anchorage and their 
success related to length.  The aim of this study is to determine the 
relationship of micro implant length to retention rate. The results 
obtained was 9 micro implants were removed and the overall success 
rate was 84.7% exploring the causes for failure the found significant  
differences between the length and success rate; 6mm was 72.2%and 
8mm was 90.2% successful .  
 
Wiechman et al 20071 3  did a prospective clinical study to evaluate the 
success rate of micro implants used for orthodontic anchorage. The 
results indicated that implants can be immediately loaded by 
continuous forces when peak loads do not exceed an upper limit of  
stress at  the implant neck.  
 
Nir shpack et al 2008 1 6  they compared tipping mechanics (TM) and  
bodily movement (BM) with respect to duration, angulation, and 
anchorage loss during canine retraction. It was concluded that  
retraction of maxillary canine into the first premolar extraction site 
using Nickel titanium closed coil  springs occurred faster with BM 
brackets than with TM brackets. They found that greater time was 
required to fully upright the canine with TM brackets. There was no 
difference found in the amount of molar anchorage loss between the 
two groups.          
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Alexander Dudic et al 2008 .1 7  The aim of this study was to validate 
the use of digitized periapical radiographs in evaluating 
orthodontically induced apical root resorption against micro -computed 
tomography (micro-CT) scanning as a criterion standard test . In a 
standardized experimental protocol, 29 premolars in 16 subjects were 
tipped buccally for 8 weeks. Nineteen contralateral premolars not 
subjected to orthodontic movement served as controls. Standardized 
periapical radiographs were taken before and after the experi mental 
period (Rx method).  These teeth were extracted and scanned using  a 
micro-CT technique. Two calibrated examiners assessed blindly the 
presence or absence of apical root resorption on digitized radiographs 
and three- dimensional reconstructions of the scans. Signif icant 
differences were detected between the orthodontically moved teeth and 
controls: 86% of the orthodontically moved teeth and 21% of the 
control teeth showed apical  root resorption when using micro -CT as a 
validation method. A total  of 55% of the experi mental  teeth and 5% of 
the control teeth showed resorption when assessed using Rx method. 
The Rx method showed a specifici ty of  78% and a sensitivity of 44%, 
which means that less than half of the cases with root resorption 
identified using a CT scanner were identified by radiography. Nearly 
all the orthodontically moved teeth showed apical root resorption. 
Apical root resorption may be underestimated when evaluated u sing 
digitized periapical radio  graphs.  
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Thiruvenkatacheri et al 2008 1 8  compared the rate of canine retraction 
with conventional molar anchorage and ti tanium implant anchorage and 
proved that  canine retraction precedes at a faster rate than titanium 
micro implants are used for anchorage.  
 
Poggio et al 20081 9  provide an anatomical map to assist t he clinician in 
mini screw placement in a safe location between dental roots.  The 
results were on the buccal side, in the interradicular space between the 
first molar and second premolar, from five to eight mm from the 
alveolar crest; in mandible -interradicular space between the first molar 
and second premolar at  11mm from alveolar crest .  
 
Yan chen 20082 0  compared the influences of different implant 
modalities on orthodontic micro implants and surrounding tissues 
biomechanically and histologically and concl uded that self-drill ing 
micron implants can provide better anchorage and can be recommended 
for use in the mandible.  
 
Krishnan et al 20092 1  The results of this literature review emphasize 
the fact that mechano responses and inflammation are both essential for 
achieving tooth movement clinically.  If  both are working in concert,  
orthodontists might be able to accelerate or decelerate tooth movement 
by adding adjuvant methods, whether physical , chemical, or surgical .  
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Alexander Dudic et al 2009 2 2 .Apical  root resorption is an adverse side 
effect of orthodontic treatment. They compared panoramic radiography 
(OPT) with cone-beam computed tomography (CBCT) in evaluating 
orthodontically induced apical root resorption. Apical root resorption 
after orthodontic tooth movement is underestimated when evaluated on 
OPT. CBCT might be a useful complementary diagnostic method to 
conventional radiography, to be applied when a decision on 
continuation or modification of the orthodontic treatment is  necessary 
because of orthodontically induced root resorption.  
 
Theodosia et al 2009 2 3  evaluated the effect of medication on the rate 
of orthodontic tooth movement. Medications might have an important 
influence on the rate of tooth movement,  like NSAIDS, ESTROGENS, 
VITAMIN D3, DIETARY CALCIUM decreased tooth movement, NON-
NSAIDS such as paracetamol had  no effect. Corticosteroid hormones,  
parathyroid, thyroxin increases tooth movement.  
 
Burrow et al 20102 4  compared canine retraction rate wit self –ligating 
brackets vs. conventional edgewise brackets and concluded the 
retraction rate is  faster with the conventional brackets,  probably 
because of the narrower bracket width of the self -ligating brackets.   
 
Aboul –Ela et al  20112 5  the purpose of the study was to clinically 
evaluate the mini  screw implant –supported maxillary canine retraction 
with corticotomy facilitated orthodontics and found that on an average 
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daily rate of canine retraction was significantly higher on the 
corticotomy that the control side by 2 times by 1 s t  2 months:  the rate of 
tooth movement declined by 1.6 times in the 3 rd  month and 1.06 times 
in the 4 t h  month.  
 
Wilcko, William Wilcko, M. Thomas 2013 2 9  concluded that(1) the 
limited duration of the regional acceleratory phenomenon, (2) the 
significant additional expense, and (3) the lack of evidence of a 
significant reduction in orthodontic treatment t ime lead us to question 
the efficiency of this procedure.  
 
Alexander Dudic et al  2013 2 2The purpose of this study was to 
investigate the variations of orthodontically induced tooth movement in 
the maxillary and mandibular arches between patients and the factors 
such as age, sex, and presence of an interferen ce that  might influence 
the amount of tooth displacement. Younger patients showed greater 
tooth movement velocity than did older ones.  An inter -arch or intra-
arch obstacle decreased the amount of tooth displacement.  
 
Noraina Hafizan Normanet al.2013 2 8 .  They compared the clinical  
performance of nickel t itanium (NiTi) versus stainless steel (SS) 
springs during orthodontic space closure. Their study shows that  
stainless steel springs are clinically ineffective; these springs produce 
as much less space closure as their more expensive rivals, the NiTi 
springs.  
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Alikhani et al 2013 1 .  Tested the effect of micro osteo perforation on 
the rate of tooth movement in rats and found it was effective 
procedure.  
 
Alikhani et al(2013) 2   Their objective was to study the effect  of micro-
osteo perforations on the rate of tooth movement and the expression of 
inflammatory markers; and obtained results as effective, comfortable,  
and safe  procedure to accelerate tooth movement and significantly 
reduced the duration of orthodontic treatment.  
 
Sean chung et al  2015 3 0  studied about photobiostimulation as a 
modality to accelerate orthodontic tooth movement using low - level 
laser therapy and light –emitting diodes (LED) and concluded that the 
positive effects of laser therapy was about 0.5 mm/month in humans.  
 
Hui Xue et al 20153 1  experimented the effects of low intensity pulsed 
ultrasound on the rate of orthodontic tooth movement using a rat  
orthodontic model showed that LIPUS may promote alveolar bone 
remodelling via increasing gene expression of HGF/RUNx2/BMP-2 and 
another benefit comes from the preventive effect of LIPUS on root 
resoprtion 
 
Alansari et al 2015 3 2  reported that a successful approach to increase 
the rate of tooth movement should be based on solid biological  
principles where the target cells  and mechanisms to st imulate these 
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cells are well defined. They also said that a good accelerating 
technique should be affordable, repeatable, practical, and efficient and 
have no side effects on periodontium, including roots and alveolar 
bone.  
 
Serge Dibart et al 2015 3 3  claimed that the piezocision is an 
orthodontically guided surgical al ternative to conventional 
corticotomies to a more sophisticated philosophy where the 
orthodontist is given the tool to control the anchorage value of teeth by 
selectively altering the bone density surrounding them, using the 
piezoelectric knife at key time intervals in a effort to successfully 
solve orthodontic challenges  
 
Donald.J.Ferguson et al  2015 3 4  gave a guidelines for tooth movement 
limits are meant to help clinicians in treatment planning decisions,  
especially for ‘severe’ or ‘borderline’ adult malocclusions.  
Periodontally accelerated osteogenic orthodontics (PAOO) is a surgical  
technique that accelerates tooth movement and expands the scope of 
conventional orthodontic treatment in adult 2 -3 fold in most spatial  
dimensions.   
 
Dubravko et al  20153 4  They did a parallel,  double-blind, prospective,  
randomized, controlled trial with the objective to assess the effect of a 
defined low level cyclic loading on the rate of orthodontic tooth 
movement. The results showed that low-level cyclic loading of 0.25 N 
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at 5Hz increases the rate of tooth movement when applied as an adjunct 
to orthodontic treatment.  
 
Orton-gibbs et al 20153 5  This article demonstrated  that the successful 
incorporation of AcceleDent into an orthodontic practice can 
significantly reduce treatment time, making it an attractive adjunct for 
both patients and clinicians. Because this is a new technique, further 
studies and randomized controlled trials are needed to better  
understand the optimal use of the device. Prospective studies will  be 
challenging, however, as they need to be adequately designed to 
accommodate variations in treatment, patient compliance, and 
individual physiological response.  
 
Kulshrestha et al 2015 3 6  The aim of this systematic review was to  
examine, in an evidence-based way, which kinds of canine retraction 
methods/techniques are most effective and which have the least side 
effects. The search strategy resulted in 324 articles, of which 22 met  
the inclusion criteria. .  All the methods were nearly similar to each 
other for retraction of canines  Most of the techniques lead to anchorage 
loss in various amounts depending on the methods used. Most of the 
studies had serious problems with small sample size, confounding 
factors, lack of method error analysis, and no blinding in 
measurements.   
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Noha Hussein Abbas et al .2016 3 7 .  The purpose of this study was to 
evaluate the efficiency of corticotomy-facilitated orthodontics and 
piezocision in rapid canine retraction. The rates of canine crown tip 
were greater in the experimental sides than in the control sides in both 
groups. Corticotomies produced greater rates of canine movement than 
did piezocision at 4 time points. Canine root resorption was greater in 
the control sides. The remaining studied variables exhibited no 
differences between the control and the experimental sides.  
Conclusions: Corticotomy-facilitated orthodontics and piezocision are 
efficient treatment modalities for accelerating canine retraction  
 
Aliki Tsichlaki et al.2016 3 8 .  There is lit tle agreement on the expected 
duration of a course of orthodontic treatment; however, a consensus 
appears to have emerged that fixed appliance treatment is overly 
lengthy. This has spawned numerous novel approaches direc ted at  
reducing the duration of treatment,  occasionally with an acceptance 
that occlusal outcomes may be compromised. The aim of this study was 
to determine the mean duration and the number of visits  required for 
comprehensive orthodontic treatment involvi ng fixed appliances. Based 
on prospective studies carried out in university sett ings, comprehensive 
orthodontic treatment on average requires less than 2 years to 
complete.  
 
Abdullah M.et al 2016 3 9  The incorporation of technological  advances 
in the field of clinical orthodontics to increase treatment efficiency has 
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led to the development of customized appliances (Insignia®),  
archwires (Suresmile®), and the production of devices to enhance tooth 
movement (Acceledent®). This review presents a comprehensive study 
of the li terature concerning these products, and analyzes the available 
evidence of their efficiency. To date, one pilot study has evaluated the 
efficiency of the Insignia® system, three retros pective studies have 
assessed the efficiency of the Suresmile® system, and a few 
Acceledent® reports have described i ts effect on treatment time. 
Critical appraisal of the reviewed papers revealed that the efficiency of 
the Insignia® system cannot be confi rmed based on the available 
evidence, while the use of Suresmile® can reduce overall  treatment 
time in simple cases. The acceleration of tooth movement by 
Acceledent® devices has not yet  been confirmed.  
 
Alfawal et al 20164 0  the objective of this study was to assess 
systematically the available scientific evidence relating the efficiency 
of minimally invasive surgical procedures in accelerating orthodontic 
tooth movement and the adverse effects associated with these 
procedures.  :  Four RCTs (61 patients) and nine on-going protocols 
were included in this review. Only three RCTs were suitable for  
quantitative synthesis. Higher tooth movement rate was found with the 
minimally invasive surgical procedures by a weighted mean difference 
of 0.65 mm for 1 month of canine retraction (WMD = 0.65: 95 % CI 
(0.54, 0.76), p < 0.001) and by a weighted mean difference 1.41 mm 
for 2 months (WMD = 1.41: 95 % CI (0.81, 2.01), p < 0.001). No 
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adverse effects associated with these procedures were reported. 
Although the current review indicated that MISAO(minimally invasive 
surgically assisted orthodontic treatment)  can help in accelerating 
canine retraction, further research in this domain should be performed 
before it can be recommended in everyday clinical practice.  
 
Chin-yang et al 20164 1compared the effects of micro -osteo perforation 
and corticision on the rate of orthodontic tooth movement in rats and 
found no difference between the two procedures.  
 
Owen et al 20174 2  Elevation of a full -thickness mucoperiosteal flap 
alone (ie, without injury to bone) decreases the amount and density of 
medullary bone surrounding the tooth and accelerates tooth movement. 
Due to its limited effects,  elevation of a flap alone to increase tooth 
movements may not be justified.  
 
Yamile Zamora Escobar et a 20174 3 .Recent publications done in well -
recognized journals of orthodontics, assure that  micro -osteo 
perforations (MOP) enhance the process of bone remodeling and 
accelerate dental movement. Its application is easy, fast and can be 
performed by the or thodontist . Canine distalization acceleration using 
MOP in patients with extractions leads to highly effective results;  up to 
41% faster space closure.  This results in a shorter and more 
comfortable orthodontic treatment for the patient.  
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Makhlouf et al 20184 4The current study was carried out to compare the 
amount of tooth movement during canine retraction comparing two 
different retraction mechanics; frict ion mechanics represented by a 
NiTi closed coil spring versus frict ionless mechanics represented by T 
- loop, and their effect on root resorption using Cone Beam Computed 
Tomography (CBCT). The NiTi coil spring side showed more distal 
movement more than the T-loop side. Both retraction mechanics with 
controlled retraction force,  do not cause root resorptio n. 
 
Sivarajan et al  2018 4 5  to investigate, using a split -mouth randomized 
clinical design, the effect of micro - osteo perforation (MOP) on mini -
implant supported canine retraction using fixed appliances.  Thirty 
subjects (seven males and 23 females) with a mean age of 22.2 (3.72) 
years were randomized into three canine retraction groups: Group 1 
(MOP 4-weekly maxilla/ 8-weekly mandible; n ¼ 10); Group 2 (MOP 
8-weekly maxilla/12-weekly mandible; n ¼ 10) and Group 3 (MOP 12 -
weekly maxilla/4-weekly mandible;  n¼10) measured at  4-week 
intervals over 16 weeks. Subjects. Mean overall canine retraction was 
4.16 (1.62) mm with MOP and 3.06 (1.64) mm without. MOP can 
increase overall mini-implant supported canine retraction over a 16 -
week period of observation but this  difference is unlikely to be 
clinically significant.  
 
 
Review of Literature 
 
 Page 24 
 
Alkegsi et al 20184 6  did a three dimensional assessment of the effect of 
micro osteo perforation on the rate of tooth movement during canine 
retraction in adults with class II malocclusion: A randomiz e controlled 
clinical trial and found 3MOPs were not effective for accelerating 
tooth movement in the 1 s t  3 months.  
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MATERIALS AND METHODS  
 
An in vivo comparative study was presented and approved by the  
scientific review board and institutional ethical committee of 
ADHIPARASAKTHI DENTAL COLLEGE AND HOSPITAL, 
MELMARUVATHUR (IRB/EC Ref No: 2016-MDS-BR.V-SUD-
11/APDCH). 
 
The study subjects were selected from the patients who reported 
as an outpatient in the Department  of Orthodontics and Dentofacial 
Orthopedics, Adhiparasakthi Dental College and Hospital.  The patients  
were explained in detail regarding the study and an informed consent 
was received from them and finally 20 patients who met the following 
inclusion and exclusion cri teria were selected for our study.  
 
The inclusion and exclusion criteria are as follows  
Inclusion criteria:  
• Patient in permanent dentition betwee n age group of 15- 25 
years.  
• Class 1 bi-maxillary protrusion, fully erupted maxillary canine 
with closed apex. 
• Cases requiring extraction of  both maxillary and mandibular first  
premolars.  
• Patients with periodontally sound dentition .  
• Patients with good general  health.  
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Exclusion criteria:  
• Long-term use of antibiotics, phenytoin, cyclosporine, anti -
inflammatory drugs, systemic corticosteroids, and calcium 
channel blockers.  
• Skeletal class II tendency and ANB>2degree  
• Skeletal class III tendency and ANB< 2degree 
• Cases requiring orthognathic surgery  
• History of systemic and medical illness  
• Contraindication of extraction  
• Previous history of orthodontic treatment  
• Poor oral  hygiene 
• Smoking 
• Nickel allergy 
 
A total of 20 patients were included in the study who ha d fully 
erupted maxillary canines with class I molar canine relationship and bi -
maxillary protrusion that required the removal of both maxillary and 
mandibular 1 s t  premolars.  
 
In total, 80 samples were obtained;  
40 (20 control  and 20 experimental) in maxilla and  
40 (20 control  and 20 experimental) in mandible respectively.  
 
The experimental group received MOPs on either the right or left 
side to eliminate the possibility of uneven occlusal  forces because of  
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habitual occlusion predominantly on one side.  The control group 
received no MOPs.  
 
The subjects and the doctor administrating the treatment were 
aware of the group assignment. To avoid measurement bias,  two more 
investigators took measurements and those investigat ors performing the 
measurements and data analysis were blinded from the group 
assignments.  
 
Treatment was initiated by bonding the fixed appliance in both 
arches with MBT 0.022 prescription (DENTAURUM EQUILIBRIUM 2) 
(Fig.1) and with an auxiliary vertical  slot in the maxillary and 
mandibular canine brackets.  (AO, American orthodontics.) (Fig:  2) 
 
Patients were referred for extraction of the maxillary and 
mandibular 1 s t  premolar by the same surgeon to decrease variability.  
 
After aligning and leveling was done using the following 
sequence of 0.016 NiTi, 0.017*0.25  NiTi, 0.019*0.025 NiTi  wires and 
0.019*0.025 SS arch wire was placed for a period of 4 weeks  and then  
alginate impressions were taken as a record before retraction phase.  
 
At this retract ion stage, 19*25 SS arch wire was  placed in both 
maxillary and mandibular  arch. A serpentine hook (Fig: 4 ) was 
fabricated using 16*16 SS wire and this hook was inserted into vertical  
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slot of canine (Fig: 2), so that the applied force was close to the centr e 
of resistance .A temporary anchorage device (1.5mm*9mm) (Fig:  5) 
was placed between 2 n d  premolar and  first molar on the buccal aspect  
6mm from the interdental papilla.   
 
 On the experimental site , local  anaesthesia (2% lidocaine with 
1:1,00,000 epinephrine) was infiltrated in the 1 s t  premolar region. 
Micro osteo perforation was performed without any flap elevation 
using a hand-held device (TAD, 1.5mm*9mm) loaded in the implant 
driver (S.K. SURGICALS, INDIA)(Fig:6 ) with a rubber stopper placed, 
at a depth of 3mm so, that  each perforation were of 3mm in depth and 
1.5mm in width.(Fig:10).   2 micro osteo perforation (MOPs) were 
performed distal  to canine and 3 in the middle of the extraction socket 
before retraction. It  was placed 5mm from the alveolar crest 1 4 ,  whereas 
the control site did not receive any MOPs.  
 
A NiTi closed coil  spring was placed between TAD and the 
serpentine hook (Fig:10). A 100g of force was applied for individual 
canine retraction and was  measured using dontrix gauge on both 
experimental  and control side 1 1 .  At each visit,  the force produced by 
the coil was checked, and appliances were monitored for any 
deformation or change in the position because of mastication.  
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On the experimental side, a t 28 t h ,  56 t hday, 2 MOPs were 
performed distal to canine and  3 MOPs at  the centre of extraction space 
and no MOPs were performed in the control side.  
 
Alginate impressions were taken at  the beginning of the study, 
immediately before canine retraction, and at 28 t h ,  56 t h ,  84 t h  day after 
canine retraction began, to monitor the rate of tooth movement in both 
arches. The impressions were poured immediately with orthokal. The 
casts were labeled with the patient’s number date and stored.  
 
Vertical lines were drawn on the cast over the palatal surface of 
the canine from middle of the cervical  l ine. The distance between the 
canine and the lateral  incisor was assessed before and after canine 
retraction at 3 points: incisal,  middle, and cervica l thirds of the 
crowns. All the cast measurements were made using an electronic 
digital caliper with an accuracy of 0.01mm.  (Fig: 8) 
 
The obtained measurements were tabulated and given for 
statistical  analysis.  
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Fig 1: Armamentarium 
 
 
1.  Dentaurum bracket kit  
2.  2 sets of canine brackets  
3.  LA Bottle  
4.  Syringe 
5.  Titanium mini -implants  
6.  NITI Coil  spring  
7.  Implant drivers  
8.  Customized propulser 
9.  Diagnostic instruments  
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Fig 3: Canine Bracket 
with Vertical Slot  
Fig 2: Conventional 
Canine Bracket  
Canine Bracket with 
Vertical Slot  
Conventional Canine 
Bracket  
Fig 5: Titanium Mini 
Implants 1.5*9mm  
Fig 4: Serpentine Hook 
16*16 SS  
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Fig 6: Dontrix Guage  
Fig 7: Digital Vernier Calliper  
Fig 8: Implant Driver  Fig 9: Implants  
Fig 10: Niti  closed 
coil  spring  
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Fig 11: Implant Placement and NiTi Coil Activation  
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Fig 12: Mop Placement  
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Fig 13: Measurement Method  
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Fig 14: Patients photo; Op.No-2104407 
 
Intra-Oral Photos  
Before MOP 
 Right       Left  
  
 
After MOP 
 Right       Left  
  
Upper Arch - Control group: Left  Experiment group: Right  
Lower Arch - Control group: Right  Experiment group: Left  
 
Cast Photos  
 Upper       Lower 
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Intra-Oral Photos- Day 28 
Before MOP 
 Right       Left  
  
 
After MOP 
 Right       Left  
  
Upper Arch - Control group: Left  Experiment group: Right  
Lower Arch - Control group: Right  Experiment group: Left  
 
Cast Photos  
 Upper       Lower 
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Intra-Oral Photos - Day 56 
Before MOP 
  Right      Left  
  
 
After MOP 
  Right      Left  
  
Upper Arch - Control group: Left  Experiment group: Right  
Lower Arch - Control group: Right  Experiment group: Left  
 
Cast Photos  
  Upper      Lower 
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Intra-Oral Photos- Day 84 
Before MOP 
  Right      Left  
  
Upper Arch - Control group: Left    Experiment group: Right  
Lower Arch - Control group: Right  Experiment group: Left  
 
Cast Photos  
  Upper      Lower 
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STATISTICAL ANALYSIS:  
 Data were tabulated in an excel sheet and analyzed using SPSS 
statistical  software (version 22).  The data were assessed for normality 
using Shapiro-wilk test  which revealed that  the data were non -normal 
in distribution. Hence non-parametric test (Mann Whitney-U-test) was 
employed to detect the significant difference between MOP group and 
control group. The same test  was employed to detect the significant 
difference between maxillary and mandibular jaws.  
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RESULTS 
 A total of 20 patients were included in the study who had fully 
erupted maxillary canines with class I molar canine relationship and bi -
maxillary protrusion that required the removal of both maxillary and 
mandibular 1 s t  premolars.  In total,  80 samples were obtained , the 
experimental group received MOPs on either the right or left side, 
whereas the control  group received no MOPs. Data were tabulated in an 
excel sheet and analyzed using SPSS statistical  software (version 22).  
The results are as follows:  
 
Table 1: Tests of normality  
 Kolmogorov smirnov Shapiro-Wilk 
 Groups Statistic Df Sig Statistic Df Sig 
Max 28 th   day 
MOP 0.208 19 0.030 0.880 19 0.021 
Control  0.192 19 0.064 0.958 19 0.538 
Max 56 th  day 
MOP 0.258 19 0.002 0.816 19 0.002 
Control  0.160 19 0.200 0.925 19 0.141 
Max 84 th  day 
MOP 0.290 19 0.000 0.746 19 0.000 
Control  0.139 19 0.200 0.922 19 0.124 
Mand 28 th  day 
MOP 0.269 19 0.001 0.714 19 0.000 
Control  0.152 19 0.200 0.939 19 0.258 
Mand 56 th  day 
MOP 0.273 19 0.001 0.714 19 0.000 
Control  0.185 19 0.086 0.837 19 0.004 
Mand 84 th  day 
MOP 0.120 19 0.200 0.944 19 0.314 
Control  0.216 19 0.020 0.871 19 0.015 
 
*MOP –micro osteo perforation; Max-maxillary arch; Mand- 
mandibular arch. 
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Table 2: Mann Whitney U test –  Comparison of  control and 
experimental (MOP) side  
 
Groups  
Max 
28 t h  day 
Max 
56 t h  day 
Max 
84 t h  day 
Mand 
28 t h  day 
Mand 
56 t h  day 
Mand 
84 t h  day 
MOP Mean 0.6521 0.7374 0.8589 0.5679 0.6763 0.6705 
Std dev 0.20558 0.23154 0.26868 0.11970 0.20597 0.10368 
N 19 19 19 0.19 0.19 0.19 
Minimum 0.43 0.52 0.58 0.42 0.43 0.54 
Medium 0.6100 0.6200 0.7900 0.5500 0.6400 0.6600 
Maximum 1.21 1.41 1.56 0.99 1.42 0.91 
Control  Mean 0.3700 0.4274 0.4742 0.3416 0.4011 0.4026 
Std dev 0.08825 0.10852 0.07932 0.8315 0.14594 0.12727 
N 19 19 19 19 19 19 
Minimum 0.20 0.26 0.36 0.21 0.25 0.25 
Medium 0.3700 0.4300 0.4600 0.3600 0.3700 0.3900 
Maximum 0.52 0.62 0.59 0.48 0.86 0.61 
 
 
*MOP –  micro-osteo perforation; Max-maxillary arch; Mand- 
mandibular arch. 
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Table 3: Tests of significance for Inter group comparison between 
experimental (MOP) side and control side.  
 Max 28 Max 56 Max 84 Mand 28 Mand 56 Mand 84 
Mann Whitney 16.500 14.500 2.500 4.500 30.000 19.500 
Wilcoxon W 206.500 204.500 192.500 194.500 220.000 209.500 
Z -4.793 -4.850 -5.201 -5.146 -4.397 -4.704 
Asymp Sig  
(2 tailed) 
000 000 000 000 000 000 
Exact Sig [2*(1-
tailed Sig)]  
000b  000b  000b  000b  000b  000b  
 
 
 
 
Table 4: Tests of  significance for Inter group comparison between 
maxillary and mandibular arch on the experimental (MOP) side .  
 
MOP 
28 t h  day 
MOP 
56 t h  day 
MOP 
84 t h   day 
Mann Whitney 145.500 152.500 82.500 
Wilcoxon W 335.500 342.500 272.500 
Z -1.023 -818 -2.864 
Asymp Sig (2 tailed)  0.306 0.413 0.004 
Exact Sig [2*(1-tailed Sig)]  0.311b  0.418b  0.003  b  
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Table 5: Inter group comparison between maxillary and 
mandibular arch –  experimental (MOP) side.  
Jaw types  MOP28 MOP 56 MOP 84 
maxilla Mean 0.6521 0.7374 0.8589 
Std dev 0.20558 0.23154 0.26868 
N 19 19 19 
Minimum 0.43 0.52 0.58 
Medium 0.6100 0.6200 0.7900 
Maximum 1.21 1.41 1.56 
mandible Mean 0.5679 0.6763 0.6705 
Std dev 0.11970 0.20597 0.10368 
N 0.19 0.19 0.19 
Minimum 0.42 0.43 0.54 
Medium 0.5500 0.6400 0.6600 
Maximum 0.99 1.42 0.91 
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Comparison of MOP side vs control side on 28 th ,  56 t h  and 84 th  days 
in both maxillary and mandibular arch . 
 
 
Inter group comparison between MOP side and control side in 
maxillary arch 
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Figure: 1 
Figure: 2 
Maxillary 28th day 
 
Figure: 3 
Maxillary 56th day 
 
Figure: 4 
Maxillary 84th day 
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Inter group comparison between MOP side and control side in 
mandibular arch 
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Figure: 5 
Mandibular  28th day 
 
Figure: 6 
Mandibular  56th day 
 
Figure: 7 
Mandibular  84th day 
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Intergroup comparison of MOP site between maxilla and mandible  
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Figure: 8 
MOP 28th day 
 
Figure: 9 
MOP 56th day 
 
Figure: 10 
MOP 84th day 
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The amount of canine retraction on both experimental  and 
control side which was calculated  from the model on 28 t h ,  56 t h  and 84 t h  
day was sent for stat istical analyses. The data was assessed using SPSS 
statistical  software (version 22). In order to assess the normality of 
distribution, Kolmogorov Smirnov and Shapiro-Wilk test were done 
(Table 1) . The results indicated that  the data were non -normal in 
distribution, therefore Mann Whitney U test  was performed (Table 2).  
In this test p value ≤ 0.005 was considered significant (Table 3).  
 
In maxillary dentition canine on MOP side moved by 0.65 ± 0.21 
mm, 0.74 ± 0.23 mm and 0.87 ± 0.27 mm during 28 t h ,  56 t h  and 84 t h  
days respectively,  whereas in control  side the rate of tooth movement 
was 0.37 ± 0.09 mm, 0.43 ± 0.11 mm, and 0.47 ± 0.11 mm during 28 t h ,  
56 t h  and 84 t h  days respectively (Table 2) (Figure 2,  3, 4) which was 
statistically significant. (p value=0.000) (Table 3).  
 
In mandibular dentit ion canine on MOP site has moved by 0.57 ± 
0.12 mm, 0.68 ± 0.21 mm, and 0.67 ± 0.10 mm during 28 t h ,  56 t h  and 
84 t h  days respectively, whereas in control side the rat e of tooth 
movement was 0.34 ± 0.08 mm, 0.40 ± 0.15 mm, and 0.40 ± 0.13 mm 
during 28 t h ,  56 t h  and 84 t h  days respectively (Table 2) (Figure 5, 6, 7)  
which was statistically significant (p value= 0.000) (Table 3).  
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When comparing the rate of tooth movement between maxilla and 
mandible in the experimental (MOP) site,  the canine moved by 0.65 ± 
0.21 mm, 0.74 ± 0.23 mm and 0.87 ± 0.27 mm during 28 t h ,  56 t h  and 84 t h  
days respectively,  whereas in mandible the canine moved by 0.57 ± 
0.12 mm, 0.68 ± 0.21 mm, and 0.67 ± 0.10 mm during 28 t h ,  56 t h  and 
84 t h  days respectively (Table 5) (Figure 8, 9,  10).   
 
The difference between MOP side in maxilla and mandible on 
28 t h  day and 56 t h  day were 0.08mm and 0.06mm respectively which was 
statistically not significant(p>0.05) whe reas in 84 t h  day the difference 
was 0.19mm which was statistically significant(p≤0.05) (Table 4).  
 
Experimental (MOP) side in the maxillary arch showed 2 fold 
increase in the rate of tooth movement when compared with control  
side.  
 
Experimental (MOP) side in the mandibular arch showed 2 fold 
increase in the rate of tooth movement when compared with control  
side 
 
Therefore, overall  rate of tooth movement in experimental  
(MOP) side showed a 2 fold increase when compared to control side.  
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DISCUSSION 
 
In Department of Orthodontics and Dentofacial Orthopaedics,  
Adhiparasakthi Dental college & Hospital , this study was conducted to 
Evaluate the rate of Mini Implant assisted individual canine retraction  
through Micro Osteo Perforation (MOPs) by varying the frequency of 
micro osteo Perforations (MOPs) at 28 t h ,  56 t h ,  84 t h  day after force 
application. The results were compared with the control group in order 
to estimate the effect of micro -osteo perforations (MOPs) in 
accelerated tooth movement.  
 
After obtaining approval from Scientific Review Board, and 
Insti tutional Ethical Committee clearance, 20 patients who satisfied the 
inclusion and exclusion cri teria, were selected for the study after 
getting their informed consent.   
 
Previous animal and human studies  done  by Alikhani et al ,  
demonstrated that the application of MOPs can increase the rate of 
tooth movement of individual canine retraction and thereby 
significantly reduced the treatment duration.  
 
It  has been shown that the forces of occlusi on can affect the rate 
of tooth movement significantly by Alikhani et al .  To rule out the 
effect of occlusion in this study; we selected patients with similar 
severities of malocclusion. Patients with cross bite or deviation during 
closure caused by occlusal  interference were not included in this study. 
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In addition, to eliminate the possibility of uneven occlusal forces from 
habitual occlusion predominately on one side, MOPs were randomly 
assigned to the left  or right side of each patient. Furthermore, the 
canines were selected because they were free from occlusal 
interferences.  
 
Alkegsi et al3 3  ,  in his Randomised controlled clinical trial found 
that 3 MOPs advocated by previous researchers, were not effective for 
accelerating orthodontic tooth movement in  first  3 months. In our 
study, we decided to incorporate 5 MOPs, 3  MOPs in the centre of 
extraction socket and 2 MOP just distal to the canine. The MOPs in the 
centre of socket were placed at a height of 5mm, 10mm, 15mm from 
the alveolar crest respectively and 2 MOPs were placed at  height of 
7mm and 12mm distal to canine.  
 
In his study,  Alkegsi  et al3 3 ,  calculated the space between second 
premolar and canine to estimate space closure.  The disadvantage in 
such case is  that  the mesial movement of the second premolar might  
give a false reading. Therefore, in our study we have measured the 
space created between canine and lateral incisor that estimated the true 
retraction of canine and avoided bias reading due to mesial movement 
of premolar . [ 1 ]  (Fig 13) 
 
Wilcko et  al [ 9 ]  used the concept of regional acceleratory 
phenomenon (RAP) given by Frost [ 6 ]  in their periodontally accelerated 
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osteogenic orthodontics (PAOO) technique to increase the availability 
of undifferentiated mesenchymal cells at the site of injury, which in 
turn increased the rate of tooth movement by osteoclastic and 
ossteoblastic activity [ 2 0] .  
  
Since the technique was more invasive , the search for alternative 
minimally invasive technique led to the introduction of MOP by 
Alikhani et al [1 ]  where the movement was assessed for the period of 28 
days after placement of MOP. We decided to repeat the MOPs on 28 t h  
and 56 t h  days to find out, any net increase  in the rate of tooth  
movement by repeating the MOPs.  We increased the frequency of 
MOP’s so as to replenish the undifferentiated mesenchymal cells at  the 
site of perforation due to limited duration of RAP 2 5 .  
 
 Another major factor affecting the rate of to oth movement is the 
type of movement.  In this study, an attempt was made to achieve bodily 
movement  through application of the force closer to the centre of 
resistance of the tooth.  This was achieved by individual canine 
retraction using calibrated 100g NiTi closing coil  (9mm)(Fig: 8) 
connected from a temporary anchorage device (TAD,1.5mm*9mm) 
(Fig:7) placed between 2n d  premolar and molar on the buccal aspect to 
a custom made serpentine hook (Fig:4) in the vertical  slot  of canine 
brackets made with 16*16ss (Fig:8).  
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In our study Alginate impressions were taken at the beginning of 
the study, then immediately before canine retraction, and also on 28 t h ,  
56 t h ,  84 t h  day after canine retraction began. In order to monitor the rate 
of tooth movement in both the arches. The distance between the canine 
and the lateral  incisor was assessed before and after canine retraction 
at 3 points:  incisal,  middle, and cervical  thirds of the crowns. All the 
cast  measurements were made using an electronic digital  caliper with 
an accuracy of 0.01mm.  
 
Both intra-observer and inter -observer errors were evaluated. For 
the evaluation of the intra-observer error, 10 models were measured 
twice at least 2 weeks later. For the inter -observer error,  a second 
investigator measured the same set of models twice, and the mean 
values of the 2 measurements by each investigator were compared. This 
was done to minimize the errors of measurements as advocated by 
Houston W.J.B. et al.  
 
In our study, the maxillary canine on MOP side has moved by 
0.65 ± 0.21 mm, 0.74 ± 0.23  mm and 0.87 ± 0.27 mm during 28 t h ,  56 t h  
and 84 t h  days respectively,  whereas in control side the rate of tooth 
movement was 0.37 ± 0.09 mm, 0.43 ± 0.11 mm, and 0.47 ± 0.11 mm 
during 28 t h ,  56 t h  and 84 t h  days respectively (Table 2) which has a 
statistical  significance value of 0.000 (Table 3).  
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In mandibular dentit ion canine on MOP site has moved by 0.57 ± 
0.12 mm, 0.68 ± 0.21 mm, and 0.67 ± 0.10 mm during 28 t h ,  56 t h  and 
84 t h  days respectively, whereas in control side the rate of tooth 
movement was 0.34 ± 0.08 mm, 0.40 ± 0.15 mm, and 0.40 ± 0.13 mm 
during 28 t h ,  56 t h  and 84 t h  days respectively (Table 2) which has a 
statistical  significance value of 0.000 (Table 3).  
 
Wilcko et al8  in his study proved that  age can play a significant 
role in the rate of tooth movement. This effect has been related to bone 
density or rate of osteoclast recruitment/activation. To eliminate the 
effect of age on the rate of tooth movement, only adults between 15-25 
years were selected for this study, and the average age in both the 
groups were similar.    
 
Another confounding variable that can affect the rate of tooth 
movement is the levels of sex hormones in women throughout the 
oestrous cycle. Unfortunately,  we could not eliminate this variable 
because of the limited number of men willing to participate in  this  
study. Haruyama et al7 .   
 
Poor oral hygiene, periodontal  disease, alveolar bone loss,  
systemic diseases, and consumption of anti -inflammatory medications 
can affect the rate of tooth movement significantly,  as shown by 
Theodosia et al1 6 .  To reduce these variables, monitoring of patients 
were done to maintain excellent oral  hygiene and clear exclusion 
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criteria was followed. A considerable amount of patient cooperation 
was necessary; the patients were expected to comply with the 
instructions regarding s trict attention to oral hygiene measures and 
keeping the follow-up visits.  
 
 In our study we extracted the first premolars in both the arches 
before aligning and levelling to rule out the bias that  extractions can 
change the rate of tooth movement by increasing the activity of 
inflammatory markers (Rudolf et al6) 
 
It  is well known that, in most orthodontic extraction patients,  
anchorage reinforcement is  of prime importance from the study done by 
Thiruvenkatacheri et al 1 3 .  Effective and reliable anchorage wi ll  
dramatically improve the results of treatment.  In this study, mini - 
screw implants were used as skeletal anchorage during canine 
retraction because of their simpler placement technique and the 
possibility of eliminating the reliance on patient complianc e.  
 
Assessment of mini screw mobility after loading showed no 
mobility during canine retraction except for 4 mini  screws. One screw 
became lose 1 month after loading and the other 3 screws 1.5 months 
after loading. These mini  screws were immediately repos itioned 
between the maxillary first and second molars, and canine retraction 
was resumed. These findings showed that the success rate of mini  
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screws in this study was approximately 93%, which is in accordance 
with previous reports by Chung-hochen et al1 0  
 
The mini screws selected had a diameter of 1.5mm and a length 
of 9 mm. This was based on the recommendations of Kuroda et al. The 
rationale was to optimize the mechanical retention of the screws and 
eliminate any risks of root proximity or contact that mig ht contribute 
to failure during treatment. The placement site of the mini  screws, 
between the maxillary second premolar and the first molar buccally,  
was selected based on the recommendations of Schnelle et al ,  who 
advocated this site as bone stock for saf e mini screw placement in the 
maxillary arch.  
 
Placement of the mini screws was performed in the attac hed 
gingiva rather than the non- keratinized mucosa because the success 
rates would be higher, placement and retrieval would be simpler, and 
also the tissue proliferation around the mini screws would be 
eliminated (Chung-hochen et al1 0)  
 
The fact that the mini  screws were placed in tight soft tissue, 
where no incisions were required, might have contributed to the 
relatively high stabil ity of the screws wit h better patient acceptance to 
the overall  procedure. These findings are in accordance with the report  
of Kuroda et al ,  who reported that  mini  screws implanted without flap 
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surgery have higher success rates with less pain and discomfort than 
those placed with flap surgery.  
 
Nirshpack et al1 2  concluded that retraction of maxillary canine 
into the first premolar extraction site using Nickel t itanium closed coil 
springs occurred faster. Therefore, Nickel -titanium closing coil spring 
(9mm) were used for retraction to permit constant force application.  
 
Pain and discomfort  caused by the MOPs were not different from 
the control group, from the previous studies (Alikhani et al) ,  This 
indicates that this procedure can be adopted in the routine clinical 
practice with no distress for the patient.  This discomfort caused by a 
small  injection can be bypassed by using a strong anaesthetic.  
 
In this project,  root resorption was not inv estigated .any long 
term effect of MOPs on root resorption would be difficult  to study 
because many variables can contribute to root resorption; the longer 
the study, the more difficult it  would be to control  those variables.  
 
This was the first study to determine the effect of MOPs on the 
rate of tooth movement by varying the number and the frequency in 
humans. We have shown that MOPs  were an effective, comfortable, and 
safe procedure that accelerates tooth movement significantly and could 
result  in shorter orthodontic treatment time.  
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CONCLUSIONS  
 
Our study successfully evaluated the rate of tooth movement 
using MOP by increasing the frequency on every 28 t h  day for a period 
of 84 days and as a result the rate of tooth movement increased 
significantly.  
 
It  is  concluded from this study that overall MOPs increased the 
rate of canine retraction by 2 fold when compared with the control  
group. From the statistical  analysis, MOP site in the maxillary arch 
showed 2 fold increase when compared with the control si de and the 
MOP site in the mandibular arch showed 2 fold increase after 
increasing the frequency on 28 t h ,  56 t h ,  84 t h  day which is statistically 
significant.  
 
When MOP was repeated for 3 times, maxillary canine showed 
more accelerated tooth movement than mandibular canine which was 
statistically significant .  
 
Conclusively,  MOPs could reduce orthodontic treatment time by 
62%. Therefore, MOPs can be incorporated into routine orthodontic 
mechanics and at  different stages of treatment,  facilitating alignment 
and root movement, stimulating bone remodelling in areas of deficient 
alveolar bone, and reducing the stress on anchor units . Hence, MOPs 
offers a practical, minimally invasive and safe procedure that can be 
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repeated as needed to maximize the biological  response to orthodontic 
forces.  
 
Further studies must be done by increasing th e frequency and 
varying site, e.g by involving mesial side of canine. Then, histological  
studies can be done not only to assess the role of inflammatory cell as 
rate limiting factor in accelerated tooth movement but also to evaluate 
the trabecular pattern of the maxillary and mandibular arch for the 
variation in the rate of tooth movement between the arches.  
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ANNEXURE –  1 
Measured mean values in control and MOP side  
S.No 
Patient 
name/OP no 
Days 
MOP CONTROL 
MAXILLA MANDIBLE MAXILLA MANDIBLE 
1. 
Mahesh 
2104407 
28 0.78 0.51 0.36 0.36 
56 0.92 0.56 0.42 0.25 
84 1.56 0.72 0.39 0.31 
2. 
Indhumathi 
2087590 
28 0.83 0.72 0.41 0.32 
56 0.79 1.42 0.62 0.86 
84 0.92 0.91 0.45 0.46 
3. 
Senthamarai 
2091067 
28 0.91 0.49 0.20 0.32 
56 1.10 0.46 0.51 0.56 
84 0.82 062 0.59 0.32 
4. 
Sangeetha 
2093687 
28 0.94 0.99 0.23 0.48 
56 0.72 0.78 0.51 0.52 
84 0.63 0.56 0.49 0.61 
5. 
Vasanth 
2101090 
28 0.46 0.51 0.46 0.36 
56 0.62 0.62 0.49 0.42 
84 0.79 0.54 0.53 0.28 
6. 
Thenmozhi 
2100804 
28 0.64 0.56 0.52 0.41 
56 0.54 0.42 0.56 0.46 
84 0.76 0.74 0.58 0.52 
7. 
Anjalai 
2039676 
28 1.21 0.61 0.36 0.23 
56 1.41 0.72 0.41 0.36 
84 0.93 0.66 0.59 0.59 
8. 
Maheen 
2102468 
28 0.62 0.52 0.26 0.46 
56 0.89 0.73 0.29 0.37 
84 0.93 0.81 0.38 0.59 
9. 
Kannimozhi 
2090946 
28 0.53 0.57 0.36 0.22 
56 0.61 0.71 0.26 0.28 
84 0.82 0.65 0.41 0.39 
10. Sathya 28 0.43 0.56 0.41 0.36 
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2098708 56 0.56 0.63 0.46 0.39 
84 0.61 0.72 0.52 0.25 
11. 
Prasanna 
2051205 
28 0.75 0.51 0.32 0.34 
56 0.90 0.54 0.40 0.25 
84 1.55 0.70 0.37 0.31 
12. 
Kalith 
2096852 
28 0.61 0.51 0.25 0.43 
56 0.87 0.72 0.27 0.37 
84 0.93 0.80 0.36 0.55 
13. 
Sangeetha 
2100300 
28 0.64 0.57 0.50 0.44 
56 0.52 0.43 0.54 0.52 
84 0.74 0.75 0.56 0.54 
14. 
Govind 
2101855 
28 0.55 0.59 0.37 0.24 
56 0.63 0.73 0.28 0.30 
84 0.84 0.67 0.43 0.41 
15. 
Radhika 
2031783 
28 0.45 0.58 0.42 0.38 
56 0.58 0.64 0.48 0.40 
84 0.63 0.74 0.54 0.27 
16. 
Revathy 
2090615 
28 0.45 0.52 0.46 0.36 
56 0.60 0.61 0.49 0.42 
84 0.79 0.55 0.53 0.28 
17. 
Gopika 
2091618 
28 0.54 0.55 0.36 0.21 
56 0.59 0.69 0.27 0.26 
84 0.79 0.55 0.39 0.29 
18. 
Dinesh 
2102330 
28 0.50 0.33 0.40 0.48 
56 0.54 0.37 0.43 0.50 
84 0.58 0.39 0.46 0.54 
19. 
Anitha 
2087593 
28 0.55 0.58 0.38 0.24 
56 0.62 0.62 0.43 0.26 
84 0.70 0.64 0.44 0.29 
20. 
Sowmiya 
2093716 
28 0.73 0.48 0.38 0.32 
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ANNEXURE - 2  
 
 
PATIENT CONSENT FORM 
 
O.P. NO: 
 
I …………………………………………….. , voluntarily consent for the 
use of micro-osteo perforation for the treatment of malocclusion using 
fixed orthodontics as a part of the ongoing study. The nature and the 
effect of the procedure have been explained to  me. 
I also consent to the administration of anesthetics as may be necessary.  
I accept al l risks involved in these procedures.  I have been informed 
regarding the details  and associated complications of the procedures.  
I consent to the photographing of the procedure.  
 
I have fully understood the procedure and I consent to such procedure 
by my own free will .  
 
 
 
Date:             Patient’s signature  
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ANNEXURE - 3  
 
